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ARTICLE INFO ABSTRACT 


Keywords: Infectious keratitis is a significant cause of corneal blindness worldwide. Although less prevalent in the devel- 

Fungal keratitis oped world, cases of fungal keratitis account for almost half of all keratitis cases, occurring in the developing 

coal countries. These cases are one of the most refractory types of infectious keratitis and present various challenges 
oriconazole 


to the treating physician such as delayed presentation, long waiting time for culture positivity, limited avail- 
ability effective antifungal drugs, prolonged duration for response to therapy, a highly variable spectrum of anti- 
fungal drug sensitivity and a high recurrence rate following keratoplasty. The advent of rapid diagnostic tools, 
molecular methods, in vitro anti-fungal drug sensitivity testing, alternatives to natamycin, targeted drug delivery 
and most importantly the results of large randomized controlled trials have significantly improved our under- 
standing and approach towards the diagnosis and management of cases with fungal keratitis. 

Overall, Aspergillus and Fusarium species are the most common causes ones of fungal keratitis. History of 
antecedent trauma is a significant predisposing factor. Corneal scrapings for microscopic evaluation and culture 
preparation, is the standard of care for establishing the diagnosis of fungal keratitis. Molecular identification of 
cultures offers accurate identification of fungal pathogens, especially the rare species. Natamycin is an approved 
first-line drug. Voriconazole is the best alternative, especially for non-fusarium cases. Management involves 
administration of drugs usually by a combination of various routes, the treatment regimen being individualized 
depending upon the response to therapy. Photodynamic therapy is a newer treatment modality, being tried for 
non-responsive cases, before resorting to a therapeutic graft. 


Intrastromal voriconazole 
TST protocol 

MUTT Trial 

Rose bengal PDAT 


1. Introduction 


Mycotic keratitis is a leading cause of ocular morbidity throughout 
the world, particularly in tropical and subtropical countries [1,2]. Ac- 
cording to World Health Organization; 2001 survey, corneal blindness is 
the second major cause of blindness after cataract [3]. Furthermore, 
ocular trauma and corneal ulceration are amongst the most important 
causes of corneal blindness, especially in developing countries. Gonzales 
et al. reported that the annual incidence of corneal ulceration in Madurai 
District of South India was 113 per 10° people, which was 10 times the 
annual incidence reported from Olmsted County, Minnesota, in the 
United States of America [4,5]. Keeping these figures in mind, corneal 


ulceration has been recognized as a silent epidemic in the developing 
countries [3]. Fungal keratitis carries a relatively poor prognosis, 
compared to other forms of infectious keratitis due to various reasons 
such as delayed microbiological identification, sub-optimal efficacy and 
penetration of antifungal agents, morphologic pleomorphism in cultures 
and a very wide spectrum of drug sensitivity with the existing medica- 
tions. It is a serious public health problem affecting the agrarian poor 
and hence requires special attention. Various risk factors, etiologies, 
diagnostic methods, and treatment strategies have been discussed in this 
review. 
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Table 1 
Risk factors for occurrence of fungal keratitis. 


Ocular factors Systemic factors 


Diabetes mellitus 
HIV positivity 
Leprosy 

Diabetes mellitus 


Trauma 
Chronic corneal inflammation 


Vegetative & organic matter 
Herpes simplex 

Herpes zoster 

Vernal keratoconjunctivitis 
Ocular surface Disease 

Dry eye 

Bullous keratopathy 
Exposure Keratopathy 
Poor hygiene 
Corticosteroids 

Topical anesthetic abuse 
Keratoplasty 

Refractive surgery 


Contact lens wear 
Drugs 


Prior Corneal surgery 


Table 2 
Fungal pathogens implicated in the causation of infective keratitis in humans. 
Filamentous Yeast 
Septate Non-septate Candidia 
albicans, 
parapsilosis, 
krusei, tropicalis 
Nonpigmented Pigmented Rhizopus 
(mucormycosis) 
Fusarium solani, Curvularia 
oxysporum, senegelensis, 
moniliforme, verruculosa, 
episphaesia, nivale pallescens 
Aspergillus fumigatus, Lasiodiplodia 
flavus theobromae 
Acremonium Alternaria 
(Cephalosporium) 
Paecilomyces Cladosporium 
Penicillium Celletotrichum 


2. Risk factors 


The predisposing factors can be either ocular or systemic (Table 1). 
Fungal keratitis is most commonly exogenous in origin, usually resulting 
from traumatic implantation of fungal fragments or spores in to the 
surface layers of cornea. Trauma with vegetative matter is the ac- 
counting for approximately 55-65% of all fungal keratitis cases [1,6]. 
The increasing use of contact lenses in recent years, has contributed to 
be an important factor for fungal keratitis cases, particularly in the 
developed countries. Other associated ocular factors include use of 
topical medications such as corticosteroids, presence of underlying 
ocular surface disease, bullous keratopathy, exposure keratopathy, and 
prior ocular surgery such as a refractive procedure. Systemic risk factors 
include presence of diabetes mellitus and immunosuppression. Fila- 
mentous fungi have been reported to be more commonly associated with 
vegetative matter injury, while yeasts have been implicated in immu- 
nocompromised patients and are more common in developed countries 
[7]. Factors found to be associated with poor visual outcome include 
large and deep ulcers, pigmented ulcers, older age of patient, male 
gender, and infection with Aspergillus species [8]. 


3. Etiology 


Fungal pathogens involved in the causation of infective keratitis can 
be grouped in four classes — Filamentous septate, Filamentous non- 
septate, yeasts, and others (Table 2). These organisms can also be clas- 
sified as Moniliaceae (non-pigmented filamentary fungi, including 
Fusarium and Aspergillus species), Dematiaceae (pigmented filamentary 
fungi including Curvularia and Lasiodiplodia species), yeasts; including 
Candida species and other fungi. Most of the fungi associated with 
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Table 3 
Prevalence of fungal keratitis based on culture results and common etiological 
agents in various parts of world. 


Author, year Location Prevalence Commonest 
(%) organism 

Lin et al. [54], 2012 South India 36.5 Fusarium spp. 

Ghosh et al. [55], 2016 North India 16 Aspergillus spp. 

Dutta et al. [56], 1981 East India 32 Aspergillus spp. 

Verenkar et al. [57], West India 16.4 Aspergillus spp. 
1998 

Feilmeier et al. [58], Nepal 24.1 Aspergillus spp. 
2010 

Alkatan et al. [59], Saudi Arabia 3.8 Aspergillus spp. and 
2012 Candida spp. 

Xie et al. [60], 2006 North China 56.4 Fusarium spp. 

Boonpasart et al. [61], Thailand 11.6 Fusarium spp. 
2002 

Yilmazet al. [62], 2007 Turkey 8.0 Fusarium spp. 

Toshida et al. [63], Japan 4.8 Candida spp. 
2007 

Cariello et al. [64], Brazil 5.3 Fusarium spp. 
2011 

Ritterband et al. [65], USA, New 1.2 Candida spp. 
2006 York 

Liesegang et al. [66], USA, South 20.2 Fusarium spp. 
1980 Florida 

Dunlop et al. [67], Bangladesh 35.9 Aspergillus spp. 
1994 

Thew et al. [68], 2008 Australia 16.8 Fusarium spp. 

Ebadollahi- Natanzi Iran 5.5 Fusarium spp. 


et al. [69], 2016 


Table 4 
Clinical features of fungal keratitis. 


A. Non-specific features 

1. Conjunctival injection 
2. Epithelial defect 

3. Anterior chamber reaction 
B. Specific features 

1. Deep stromal infiltrate 
2. Feathery margins 

3. Gray/brown pigmentation 
4. Dry looking rough texture 
5. Satellite lesions 


keratitis are saprophytic. Filamentous fungi are the primary etiological 
agents involved in causation of keratitis, in the developing countries. 
The common pathogenic species include Aspergillus, Fusarium, Candida, 
Curvularia, and Penicillium, among which Fusarium (37-62%) and 
Aspergillus (24-30%) are the most common ones [1]. Dematiaceous fungi 
contribute to around 8-16.7% cases of fungal keratitis. 

The prevalence of fungal keratitis varies widely and is influenced by 
variations in geography, climate, age, gender, socioeconomic status, 
agricultural activity, and the extent of urbanization(Table 3). [9] 
Aspergillus, Fusarium, and Curvularia species are predominantly found in 
tropical areas whereas, yeasts are common in temperate areas of the 
world. The prevalence of Candida keratitis is reported to be 60.6% in 
London and 32.7% in Melbourne [10]. Acremonium spp. are the primary 
pathogens reported from Paraguay [10]. Prajna et al. reported Asper- 
gillus species, to be the commonest etiologies from the Northern and 
Eastern regions of India, while Fusarium species, as the commonest or- 
ganisms in the Western and Southern parts of country [7]. 


4. Cinical features 


Clinical diagnosis of fungal keratitis is often challenging. It should be 
made based on a careful evaluation of patient’s history, examination, 
and laboratory investigations (Table 4). Bharathi et al. have reported the 
clinical features and epidemiology of fungal keratitis in 1095 patients in 
South India [11]. The incidence of fungal keratitis was found to be more 
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Fig. 1. Illustration of a typical case of fungal keratitis with feathery margins 
and hypopyon. 


Fig. 2. A case of candida fungal keratitis with collar button appearance and 
surrounding infiltrates. 


in males belonging to the age group, between 21 and 50 years. 


4.1. Symptoms 


Patients of fungal keratitis usually present with insidious onset and 
gradual progression of symptoms of, pain, watering, photophobia, 
foreign body sensation and diminution of vision. Symptoms at presen- 
tation are minimal with a comparatively longer duration, compared to 
cases with bacterial keratitis. Visual acuity depends upon the location of 
the corneal lesion, which can be either central (central 4 mm), para- 
central (4-8 mm), or peripheral (beyond 8 mm). 


4.2. Signs 


Similar to symptoms, the severity of signs is also less compared to 
bacterial keratitis. Various signs include lid edema, conjunctival injec- 
tion, chemosis, presence of an epithelial defect and underlying stromal 
infiltrate. Classically, the fungal corneal ulcer has been described as a 
dry looking ulcer with a gray-white infiltrate, and creamy exudates at its 
base. Other characteristic findings include feathery margins seen in 
approximately 70% of cases and satellite lesions, which are observed in 


24 


Fig. 3. A case of fungal keratitis with central corneal thinning and surrounding 
infiltrates with hypopyon. 


Table-5 
Classification and mechanism of action of currently available antifungal 
medications. 


Class Mechanism of Action Sub-class Examples 
Polyenes Formation of pores Large Nystatin Amphotericin 
and alteration in cell Polyenes B 
permeability by acting Small Natamycin 
on ergosterol leading Polyenes 
to extrusion of vital 
cytoplasmic content 
Azoles Inhibition of 14a- Imidazoles Topical - Miconazole, 
sterol demethylase Clotrimazole, 
leading to altered cell Econazole, 
membrane Oxiconazole Systemic — 
permeability and Ketoconazole 
lysis. Triazoles Topical- Voriconazole, 
Posaconazole Systemic 
- Fluconazole, 
Itraconazole, 
Voriconazole, 
Posaconazole, 
Ravuconazole 
Pyrimidine Interferes with 5- Flucytosine 
pyrimidine 
metabolism, RNA, 
DNA, and protein 
synthesis 
Allylamine Inhibition of Squalene Terbinafine 
epoxidase, Inhibition 
of the ergosterol 
synthesis leading to 
altered cell membrane 
permeability and cell 
lysis 
Echinocandins Inhibits the beta- Caspofungin, 
(1,3)- D-glucan Micafungin, 
synthase leading to Anidulafungin 
increased cell wall 
permeability and cell 
lysis 
Heterocyclic Interferes with the Griseofulvin 
Benzofurans microtubule assembly 


around 10% cases [1,11]. (Fig. 1) Presence of a fixed hypopyon (no 
change in position after 10 min of lying supine) is also a common 
feature, seen in about 45-66% of cases [12]. However, not all fungal 
ulcers demonstrate these characteristic signs. Other features include 
presence of an immune ring, deep stromal abscess, and an endothelial 
plaque. The corneal epithelium over the deep seated stromal infiltrates 
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Table 6 
Preparations of commonly used antifungal drugs. 
Drug Route Concentrati on Preparatio n Storage Stability 
Voriconazo Topical 1% Mix 20 ml ringer lactate to 200 mg voriconazole Refrigerate or room temperatur e 30 days at 4° C or room 
le lyophilized powder temperatu re 
Intrastromal 50 pgm/0.1 ml Mix 20 ml ringer lactate to 200 mg voriconazole Immediate use Immediat e use 
or 0.05 mg/ml lyophilized powder. Take 1 ml, from this and add 
19 ml ringer lactate to it 
Intracame 50 pgm/0.1 ml Same as intrastrom al Immediate use Immediat e use 
ral or 0.05 mg/ml 
Amphoteri Topical 0.15% Add 10 ml distilled or sterile water to parenteral Should not be exposed to light. The drops 7 days in refrigerator at 
cin B 50 mg of amphotericin B powder for injection. Should be inspected at each visit for any 4° C and 4 days in room 
Draw 3 ml of this and add to 7 ml of artificial turbidity, which may indicate contamination temperatu re 
tears eye drops. or drug precipitatio n. 
Intrastromal 5 -10 pgm/0.1 Add 10 ml distilled or Immediate use Immediat e use 
ml 


or 0.1mg/1 ml 
cin B powder for injection. 


sterile water to parenteral 50 mg of amphoteri 


Take 0.2 ml from this solution and add 0.8 ml 


BSS or sterile water. 


Take 0.1 ml of this solution and add 0.9 ml BSS 


or Sterile water to it. 
5-10 Same as intrastrom al 
ugm/0.1 ml or 


0.1mg/1 ml 


Intracameral 


Immediate use Immediat e use 


might be intact. Candida keratitis often presents with a “collar button” 
configuration of infiltrates (Fig. 2). Dematiacious fungi can present with 
both superficial and deep seated ulcers and have a characteristic gray or 
brown pigmentation. This pigmented appearance is due to the alteration 
in melanin metabolism and indicates a more superficial location of 
infection caused by a low virulent organism inciting a comparatively 
lesser inflammatory reaction. 

This first signs usually take several hours or days to develop after the 
inciting factor, which can be either trauma or contact lens use. Virulent 
fungi such as Aspergillus or Fusarium species might lead to rapid pro- 
gression with consequent corneal perforation and endophthalmitis, 
especially when corticosteroids have been prescribed. Other complica- 
tions include stromal melt, descemetocele formation, scleritis, ocular 
hypertension or hypotony, endophthalmitis, panophthalmitis and 
orbital cellulitis (Fig. 3). 


5. Management 


Management of fungal keratitis is challenging. Poor ocular penetra- 
tion and low bioavailability of the currently available antifungal agents 
to the desired site of action are the primary causes of poor outcome, in 
most cases. Other factors include delayed presentation, longer time for 
cultures to be positive and subsequently delay in determination of 
antifungal drug sensitivity pattern, and inability of the first line drugs to 
cover most fungal pathogens. 


5.1. Antifungal drugs 


The currently available antifungal drugs and their modes of action 
have been summarized in Table 5. These are broadly classified as 
polyenes, azoles, pyrimidines, allylamines, echinocandins and hetero- 
cyclic benzofurans. Polyenes and azoles are the most commonly used 
antifungal drugs in clinical practice [13-20]. The first line of therapy of 
fungal keratitis is to start with topical antifungals. The role of systemic 
antifungal drugs is controversial. Natamycin (NTM), and Voriconazole 
(VCZ) are the two most commonly prescribed drugs. Other antifungal 
agents include Amphotericin B (AMB), ketoconazole (KCZ), itraconazole 
(ICZ), and fluconazole (FCZ) [14,21-23]. 


6. Natamycin (NTM) 


Natamycin is the most commonly prescribed topical antifungal drug. 
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It is the only drug currently approved by the United States Food and 
Drug Administration (USFDA) to treat mycotic keratitis. NTM is pro- 
duced by the bacteria Streptomyces natalensis [24]. Commercially it is 
available in a suspension formulation (5%, 50 mg/ml) and therefore 
needs to be shaken well before administration. It has a broad spectrum of 
antifungal activity, and works well against various fungal species such as 
Fusarium, Aspergillus, Alternaria, Candida, Cephalosporium, Colleto- 
trichum, Curvularia, Lasiodiplodia, Scedosporium, Trichophyton, and Peni- 
cillium [25]. It is usually started at a frequency of one drop, instilled 
every one -two hourly interval at the beginning of therapy. Subse- 
quently, the frequency is reduced depending upon the clinical response. 
Once clinical resolution of keratitis is achieved, it is advised to continue 
topical therapy for a period of at least four weeks, at a frequency of four 
times per day. Few authors recommend concurrent corneal epithelial 
debridement to increase the penetration of NTM. However, in a multi- 
centric double-masked clinical trial comparing topical NTM and topical 
VCZ in 120 patients by Prajna et al. the authors found no difference in 
the healing time, when epithelial debridement was performed done in 
addition to topical therapy in either group. On the contrary, worse visual 
outcomes were was noted in the sub-group wherein epithelial debride- 
ment was performed [26]. 

The clinical efficacy of Natamycin is well documented in the litera- 
ture. The Mycotic Ulcer Treatment Trial-1 (MUTT-1) compared topical 
NTM with VCZ in a multi-centric randomized clinical trial. The trial 
included 368 patients with smear-positive filamentous fungal ulcers 
with best corrected visual acuity (BCVA) ranging from 20/40 to 20/400. 
The authors found patients receiving NTM to have better BCVA and a 
lower perforation rate than patients who received VCZ at 3 months 
follow-up [27]. Further, it was found that the difference was significant 
among the Fusarium cases (40% of the study participants) while the 
non-Fusarium cases (Aspergillus- 17%, and others- 43%) fared similarly 
with either drug [27]. 

NTM is known to be an epitheliotoxic drug, when used for a pro- 
longed duration of time. Various side effects include redness, foreign 
body sensation, stinging and burning sensation, and tearing. Besides, the 
suspended particles remain stuck to the area of epithelial defect, in the 
fornices and along the lid margins. 


7. Voriconazole 


Voriconazole (VCZ) is the second-best topical drug available for the 
treatment of fungal keratitis. It is available in both oral and parenteral 
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Fig. 4. Figure showing the topical-systemic-targeted (TST) protocol for the management of fungal keratitis. 


formulations and is USFDA approved for the treatment of invasive 
aspergillosis and refractory infections with Fusarium species and Scedo- 
sporium apiospermum. Ophthalmic use in topical formulation is off-label 
and requires reconstitution of the available parenteral formulation to a 
solution form at a useable concentration of 1% (10 mg/ml) [28,29]. 
(Table 6) Similar to NTM, VCZ displays a broad spectrum of activity 
against various species of Aspergillus, Candida, Cryptococcus, Fusarium, 
and Scedosporium. However, activity against Mucorales is minimal [30, 
31]. The dosing schedule of topical VCZ is similar to NTM. VCZ can be 
administered through multiple routes such as in the form of oral cap- 
sules, as intracameral and intrastromal injection and via the intravitreal 
route. Oral formulation is available in the form of capsules that are 
rapidly absorbed with a mean time to peak plasma concentration (Tmax) 
varying between 1.43 and 1.81 h (for 200 mg and 400 mg oral dose 
respectively) [32,33]. It is administered either 1 h before or 2 h after a 
meal to avoid poor absorption in acidic medium. Since it is metabolized 
in the liver, and therefore has a potential to cause hepatotoxicity, 
following long-term use. A 3 monthly evaluation of liver function tests is 
therefore routinely advised for patients on long-term VCZ therapy. The 
efficacy of VCZ as the first-line drug in fungal keratitis is controversial. 

Voriconazole is usually the drug of choice in cases of fungal keratitis 
caused by rare species [34]. Prajna et al. in MUTT 1 trial, demonstrated 
no advantage of topical VCZ administration over topical NTM [27]. 
Sharma et al. in a randomized trial, evaluating the role of topical or 
intrastromal VCZ as an adjunct to topical NTM, found that administra- 
tion of topical VCZ led to better visual outcomes, with fewer compli- 
cations. The study included 40 patients with recalcitrant fungal keratitis. 
Healing rate was found to be 95% in the topical VCZ group compared to 
80% in the group that received intrastromal VCZ [35]. Wang et al. 
evaluated the role of topical VCZ in 84 cases of fungal keratitis in a 
retrospective, interventional case series. The overall failure rate was 
16.67%. Success rate was highest in cases with infections with Alternaria 
species followed by Aspergillus species and least for Fusarium species 
cases [36]. The findings were similar to those in MUTT 1, where VCZ 
results were sub-optimal, especially for cases with the Fusarium kera- 
titis.. [27,36]. The role of oral VCZ in fungal keratitis is controversial. 
Several case reports suggest its usefulness as an adjuvant to topical 
treatment [37,38]. The pharmacokinetics principle of drug metabolism 
also supports its role. The use of topical medications alone often leads to 
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periods of sub-therapeutic drug levels, which can be avoided by 
including oral VCZ in the treatment regimen [39]. 

Most of the evidence against the use of oral VCZ has come from the 
MUTT 2 trial. [MUTT2] [22]. The trial compared oral VCZ with placebo 
as an adjuvant to topical NTM and VCZ therapy, in 240 cases with 
filamentous fungal keratitis. The rates of corneal perforation, need for 
penetrating keratoplasty and 3 month BCVA was comparable among the 
two groups [22]. The major study that suggests the usefulness of oral 
VCZ is the TST (Topical, Systemic, and Targeted Therapy) protocol by 
Sharma et al. [40] The study protocol included initial treatment with 
topical natamycin 5% with oral ketoconazole or voriconazole in ulcers 
more than 5 mm in size, involving more than 50% of stromal thickness 
or with an impending perforation. The study included 223 cases of 
fungal keratitis, which were treated for five years and reported an 
overall success rate of 79.8%, comparable with other published reports 
[40]. It is important to note that a subgroup analysis in the MUTT-2 trial 
did reveal a lower rate of perforations when oral VCZ was used as an 
adjuvant in Fusarium ulcers, although this was not statistically signifi- 
cant [22]. 

Topical VCZ has minimal side effects in the form of ocular irritation, 
transient redness and periocular dermatitis [41]. Oral VCZ can cause 
visual disturbances such as transient visual disturbances, changes in 
colour vision, and photophobia. Approximately one-third of patients, 
complain of transient visual changes beginning about 30 min after 
administration of the drug, subsiding in next 30 min. Rare complications 
include transient visual hallucinations and confusion [42]. 


8. Targeted drug delivery 


The concept of targeted drug delivery ensures adequate drug de- 
livery to the site of active infection. It is an alternative treatment option 
in cases of deep fungal keratitis when the response to medical therapy is 
sub-optimal [21,40,42]. Various methods of targeted drug delivery 
include intracameral AMB (5-10 mcg/0.1 ml), intracameral vor- 
iconazole (50 mcg/0.1 ml), intrastromal Voriconazole; (50-1g/0.1 ml) 
and intrastromal AMB (0.02 mg/mL). Recently, a solution formulation 
of NTM known as “Natasol” has been tried in experimental as well as 
clinical studies [43]. 

The surgical technique of intrastromal injection, described by 
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Prakash et al. consists of injecting 50 ug/0.1 ml of reconstituted VCZ 
solution loaded, in a 1-ml tuberculin syringe with a 30-gauge needle 
[44]. The needle is inserted obliquely into the cornea from the unin- 
volved clear area to reach just flush to the ulcer at the mid-stromal level. 
Five divided doses are given around the ulcer to form a deposit of the 
drug around the entire circumference of the lesion. This is done in such a 
manner that the injected drug appears to surround the ulcer along each 
meridian. In cases of sub-optimal response, three such injections can be 
given 72 h apart. The exact role and efficacy of targeted drug delivery in 
fungal keratitis is controversial. We believe targeted therapy, especially 
intrastromal VCZ is an effective approach for recalcitrant cases of fungal 
keratitis, not responding to other forms of therapy. The therapy however 
has some limitations in the form of breaching the natural barriers of 
infection, risk of deeper spread of infection, iatrogenic spread of fungus 
at the sites injection, intraocular inflammation, lenticular damage, 
glaucoma, hyphema, and potential endothelial damage. Similarly, 
intrastromal injections could lead to the occurrence of new foci of 
infection, inadvertent anterior chamber entry, and damage to the 
intraocular structures. 


9. Treatment guidelines 


It is difficult to formulate a standard guideline for the management of 
fungal keratitis, that is universally applicable. The authors have recently 
published “TST protocol” that provides a comprehensive approach for 
the management of fungal keratitis (Fig. 4). As per the protocol, Nata- 
mycin is the first-line therapy in cases of fungal which is started every 
hourly for the first 48 h, followed by every 2 hourly during the waking 
hours until complete epithelization is observed. The dose is then reduced 
to every 4 h period, administered for a period of another 3 weeks. 
Cycloplegics and analgesics are added to provide symptomatic relief. In 
cases with inadequate response to NTM at 7-10th day of follow-up, 
topical VCZ is added, starting every one hourly for the first 48 h and 
then every two hourly during the waking hours until complete epithelial 
healing is observed. If the response is still poor after 7-10 days of 
starting VCZ, intrastromal/intracameral/combined injection of anti- 
fungal agents can be given. The authors prefer to use intrastromal VCZ. 
Intrastromal or intracameral injections can be repeated until a 
maximum of 4 injections, at an interval of 72 h. Systemic antifungals 
(oral KTZ; administered 200 mg administered twice daily with meals or 
oral VCZ; 200 mg twice daily 2 h after a meal) can be included in the 
treatment regimen if the ulcer size is more than 5 mm or if it involves 
beyond 50% of corneal stromal depth. Oral therapy can be continued till 
complete healing of corneal infiltrates is observed. Therapeutic kerato- 
plasty is performed for cases not responding to targeted drug therapy, 
corneal ulcers associated with thinning wherein intrastromal therapy 
carries a high risk of corneal perforation, and cases that develop corneal 
perforation while being on medical treatment [40]. 

During the 4-year study period of TST, 223 cases were managed 
using this protocol. Fusarium species were the commonest isolated or- 
ganisms, accounting for 42.2% of all keratitis cases. Other species 
included Aspergillus. (32.8%), Alternaria. (6%), Cladosporium (3.3%), 
Acremonium (3.3%), Curvularia (3.3%), Candida (1.3%), Penicillium 
(1.3%) and others (6.1%). The overall treatment success rate with TST 
protocol was 72.6%. In the intrastromal group (82/223) the success rate 
was 89% and in the medical management (141/223) group, it was 
63.12%. Corneal perforation developed in 15 cases (6.7%) and thera- 
peutic penetrating keratoplasty had to be performed in 36 cases (16.1%) 
due to treatment failure (perforation/non-healing corneal ulcer). 

The overall mean healing time was 41.5 + 22.2 days, while with 
intrastromal VCZ injections, it was 36.2 + 10.7 days. The cases that were 
treated with only topical and systemic antifungals had a mean healing 
time of 45.8 + 27.6 days [40]. Thus, excellent results could be obtained 
with the TST protocol. However, it is important to remember that use of 
adjuvant oral antifungals and targeted therapy has yielded variable re- 
sults in different studies. Besides, the results of MUTT don’t favor the use 
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of oral antifungal therapy. Thus, we believe TST protocol is just a 
guideline, and the treating physician must take a call after considering 
the local microbiology profile, geographic influences on the occurrence 
of disease, sensitivity pattern of the organism and most importantly their 
personal experiences while dealing with cases of fungal keratitis in the 
past. 


10. Rare fungal species: characteristics and preferred drug 
choices 


Apart from the usual fungi implicated in the causation of keratitis, 
there are some less commonly reported pathogens causing ocular in- 
fections. These are usually phytopathogens and are widely distributed in 
soil, and aquatic systems. Besides causing keratitis, some of these have 
also been implicated in causing systemic infections such as superficial 
and deep cutaneous infections, infections of the respiratory system, 
brain abscess in drug addicts, and contamination of peritoneal dialysis 
fluids [45,46]. The ttreatment is primarily due to a delayed diagnosis 
and lack of evidence on susceptibility to routinely used antifungals 
agents. In general, VCZ is the preferred drug in most such cases of fungal 
keratitis, and oral antifungals are often helpful. Most of these species 
have pleomorphic growth patterns on culture with infrequent sporula- 
tion. Molecular methods such as, sequencing of Internal Transcribed 
Spacer (ITS) regions of ribosomal DNA allow for appropriate identifi- 
cation of these rare species. 

Lasiodiplodia theobromae, a member of the Botriosphaeriacea family 
is known to causes keratitis in humans. The first case of keratitis by 
phytopathogenic L. pseudotheobromae in India was reported by Vanam 
et al. ina farmer working in mango fields, following penetrating trauma 
[47]. The identity of fungal pathogen was confirmed by DNA 
sequencing. Natamycin was found to be ineffective in controlling the 
progression of disease. In vitro antifungal susceptibility testing revealed 
lowest MIC levels for Amphotericin B and Voriconazole which corre- 
lated with clinical cure. 

Didymella gardeniae (earlier known as Phoma gardenia) is another 
uncommon phytopathogen which causes keratitis in humans either 
following trauma or in association with contact lens use. These in- 
fections have been reported in patients on long term topical or systemic 
immunosuppressant drugs [48,49]. Most studies report cases with 
Didymella species keratitis to require therapeutic keratoplasty [48,50, 
51]. Miyakubo T et al. reported successful resolution of a case of Didy- 
mella secies keratitis in a patient on long term steroid therapy, using a 
combination therapy with topical voriconazole and miconazole [52]. 

Colletotrichum species including Colletotrichum coccodes, Colleto- 
trichum dematium and Colletotrichum gloeosporioides [53].Colleto- 
trichum coccodes has been implicated to cause both cutaneous 
phaeohyphomycosis and keratitis, especially following trauma and in 
immunocompromised patients. Kotwal A et al. reported Colletotrichum 
coccodes keratitis in an immunocompetent patient without any prior 
history of trauma or co-morbidity [54]. The isolates were found to be 
sensitive to Amphotericin B and Voriconazole correlating with clinical 
cure. 

Metarrhizium anisopliae is another rare fungus which is commonly 
used as an agricultural pesticide in many countries around the world 
[55]. It was earlier believed that the species does not cause infections in 
humans because of its inability to grow at body temperature. Recent 
publications however report these fungii to be pathogenic in humans 
also [56]. Among the cases reported in the literature, variable response 
to therapy has been documented, some cases completely responding to 
medical therapy and others progressing to involve sclera, eventually 
requiring therapeutic keratoplasty.[57]. 

Pseudallescheria boydii keratitis is another rare yet important fungal 
pathogen implicated in causing a wide range of ocular as well as extra 
ocular infections in both immunocompromised and immune-competent 
patients [58-60]. Prognosis is usually poor in these cases due to inherent 
resistance of this organism to the existing antifungal agents [61]. 
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Table-7 
Outcomes of various forms of antifungal therapy as reported in various studies. 
Author Type of Study N Follow-up Intervention Indication Results Observation 
(months) 
Prajnaetal. RCT 368 3 Topical VCZ (1%) vs. topical NTM Filament ous fungi NTM group had better Predominant inclusion of 
[27] (5%) BCVA, less perforation Fusarium cases (40%) 
rate and need for TPK against which VCZ has poor 
efficacy that could have led 
to better outcome in NTM 
group 
Arora et al. Prospe ctive, 30 2.5 Group A- 5% NTM (n = 15), Fungal keratitis Time of resoluti on and VCZ has similar efficacy to 
[45] Rando mized Group B 1% VCZ (n = 15) [Aspergil lus improv ement in visual NTM in Non-Fusarium 
Pilot Study (40%), Curvular ia acuity was similar species 
(30.0%)] 
Prajna etal. Therap eutic 120 3 Topical VCZ (1%) vs. NTM (5%) Filamentous Fungal Visual acuity, scar size, A trend towards poor visual 
[26] Explora tory keratitis and perforation rate acuity and scar was seen 
Clinical Trial were similar with VCZ 
Wang et al. Case Control 84 NTM 5% vs. FCZ 1% Fungal keratitis NTM had higher cure 
[46] Study rates than FCZ 
Sharma RCT 40 3 Topical 1% VCZ Vs. ISVCZ 50 p1g/0.1 Ulcer size >2 mm, BCVA was better in ISVCZ can be tried in 
et al. [47] ml as adjuvant to topical NTM 5% depth >2/3rd topical VCZ group recalcitrant cases 
stroma and no 
response to NTM 
for 2 weeks 
Nada et al. Retrospective 68 Combination therapy of single IS Fungal keratitis Better recovery and ISAMB is an option in 
[48] injection of AMB and topical FCZ vs. rapid healing with resistant cases 
2017 topical AMB in resistant fungal combination therapy 
keratitis 
Kalavathy Prospective 100 NA Topicalitraconazole 1% vs. topical Filamentous fungal Better Healing rate in NTM is better than 
et al. [49] Interventional NTM 5% keratitis NTM Group (72% vs. Itraconazole in Fusarium 
Study 60%) in Fusarium spp. cases 
only. No difference in 
Aspergillus or 
Curvularia spp. 
Shao et al. Prospe ctive 60 NA ICAMB vs. topical AMB Fungal keratitis ICAMB leads to faster ICAMB can be an option for 
[50] Controll-ed healing refractory keratomycosis 
Clinical Trial 
Sharma RCT 45 NA Group I (topical antifungal treatment Fungal keratitis Success rates, healing Increased incidence of 
et al. [51] + or al antifungal); Group II (topical time and final BCVA was cataract in ICAMB group 


Antifungal treatment + ICAMB + oral 


similar between the 


antifungal); and Group III (topical groups 
antifungal treatment + dr ainage of 
hypopyon + ICAMB + ora’ 
antifungal) 
Rajaram-an RCT 115 1 Oral KCZ (200 mg BD) + Topical NTM 2-60 mm? ulcer Final healing and VA Healing rate 
et al. [52] (5%) vs. topical NTM (5% area with depth was similar Was better 
>50% With oral 
KCZ + topical 
NTM group 
Agrawal RCT 54 6 Topical ICZ (1%) vs topical and oral Fungal keratitis Complete resolution in Response to treatment was 
etal. [53] ICZ (100 mg BD) 77% cases poor in the Fusarium spp. 
group 
Parch and RCT 45 3 Oral and topical VCZ (group 1), oral Epithelia | defect Healing rate, durationof Systemic VCZ is safe and 
et al. [29] VCZ and topical NTM (group 2) and >5 mm, depth healing and VA was effective 
oral ICZ and topical NTM (group 3) >2/3rd similar 
Prajnaetal. RCT 240 3 Oral VCZ vs. oral placebo in addition Filamentous fungal No benefit of adding 48.7% cases had adverse 
[22] to topical antifungal (NTM 5% and keratitis with VA oral VCZ effects. Elevated LFT and 
VCZ 1%) <20/400 visual disturbances were 
the most common adverse 
effects seen. 
Nada et al. Retrospective 68 ISAMB + topical FCZ (group A) vs Group A included Resolution rate and ISAMB can be an option in 
[48] case series topical AMB (group B) resistant cases of healing time was better resistant mycotic keratitis 
fungal keratitis in ISAMB group ion rate in Candida species but a 
& healing was better in high failure rate was 
ISAMB Group observed in Fusariumcases 
Shar ma RCT 50 3 Oral VCZ vs. Oral KCZ Severe fungal BCVA, final mean scar Ratio of tear film to serum 
etal. [23] keratitis size & healing rate was concent ration of oral VCZ 
better with VCZ. was better than oral KCZ at 
Better bioavail ability of | day 14 and 21 suggest ing 
VCZ. better bioavail ability of 
VCZ 
Footnotes. 


n- Number of cases; FU- Follow up; RCT- Randomized controlled trial: VCZ- Voriconazole; NTM- Natamycin; BCVA-best corrected visual acuity; logMAR- Logarithm of 
minimum angle of resolution; TPK- Therapeutic penetrating keratoplasty; IS- Intrastromal; AMB- Amphotericin B; FCZ- Fluconazole; NA- Not available; ICAMB- 
Intracameral; VA-visual acuity; HPLC- high performance liquid chromatography; LFT- Liver function test; KCZ-ketoconazole; PRK- Photorefractive keratectomy; IS — 


Intrastromal; IC- Intracameral. 
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Other less commonly reported, pathogenic fungal species include 
Malassezia restricta, Bipolaris species and Coprinellus Radians [62-64]. 


10.1. Rose bengal photodynamic therapy (RB-PDAT) 


The increasing prevalence of antimicrobial resistance, progression of 
lesions despite appropriate medical therapy and sub-optimal outcome of 
grafts performed in eyes with active infection and inflammation, 
prompted the search for adjunctive treatment options which can either 
postpone or obviate the need for either an emergency keratoplasty. The 
use of photodynamic therapy is one such modality, which is currently 
being evaluated in eyes with progressive forms of keratitis. The tech- 
nique uses Rose Bengal dye as a photosensitizer, which upon activation 
reacts with ambient oxygen to produce singlet oxygen and reactive ox- 
ygen species causing cellular death [65]. 

In an experimental study by Arboleda A et al. the vitro effects of rose 
bengal and riboflavin were compared for photodynamic therapy per- 
formed on fungal isolates including Fusarium solani, Aspergillus fumiga- 
tus, Candida albicans species [66]. Rose Bengal mediated PDT was found 
to successfully inhibit the growth of all 3 isolates. This was in contrast to 
the culture plates receiving riboflavin PDT, where unrestricted growth 
was noted. In a retrospective pilot study by Naranjo A et al., the utility of 
RB-PDAT was evaluated as an adjunctive treatment for the management 
of cases with severe infective keratitis [67]. Of the 18 patients enrolled, 
5 had fungal etiology including Fusarium species and Curvularia species. 
Resolution of infection was achieved in 100% eyes, within 38 days of 
first RB-PDAT treatment. Avoidance of therapeutic penetrating kerato- 
plasty was achieved in 72% patients treated with RB-PDAT. In another 
study by the same authors, it was found that patients with resistant and 
severe forms of keratitis, that required therapeutic keratoplasty and had 
undergone RB-PDAT treatment demonstrated successful therapeutic 
graft adherence with grafts remaining clear for a comparatively longer 
duration of time [68]. Another important beneficial effect of RB-PDAT 
reported is its regressive effect on blood and lymphatics vessels, which 
is achieved by induction of apoptosis in the vascular endothelial cells 
[69]. This further ensures improved rates of graft survival after a ther- 
apeutic keratoplasty. 

As of the now the treatment modality is not being commonly 
employed by the corneal surgeons. But it has a potential to take an 
interim position since it helps to avoid the imminent need for a thera- 
peutic graft in an actively inflamed eye, wherein penetrating kerato- 
plasty performed carries an almost 50% risk of failure, in the first 5 years 
[70]. 


11. Outcomes 


The causative agent plays an important role in determining the 
outcomes of fungal keratitis. Topical natamycin has been found to yield 
better results compared to topical Voriconzole especially in Fusarium 
keratitis patients [27], however in non-Fusarium cases species the effi- 
cacy of topical voriconazole and natamycin is similar [71,72]. Nata- 
mycin has also been found to yield better results compared to 
itraconazole in Fusarium cases [75]. Targeted drug delivery in the form 
of intrastromal injections has been tried in patients with recalcitrant 
forms of keratitis [73,74,76]. Outcomes of various studies involving 
various antifungal drugs and their modes of delivery have been sum- 
marized in Table 7 [22,23,26,27,29,71,73-75,77-79]. 


12. Conclusions 


The management of Fungal keratitis offers challenges at every step, 
right from the diagnosis to choosing the type and route of the anti-fungal 
medication. Natamycin is the usual first drug of choice for filamentous 
fungal keratitis. Voriconazole holds promise especially in non-Fusarium 
cases and in cases with keratitis attributed to rare pathogens. Role of 
systemic antifungals is not consistently proven. Alternative therapies in 
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the form of intrastromal injections, have yielded variable results in 
different groups of patients reported from different parts of the world. 
Although many randomized trials and protocols have been proposed, it 
is not possible to recommend a universal protocol for the management of 
fungal keratitis. The management must be individualized, considering 
the geographical location, local microbiological profile, the availability 
of drugs and the treating surgeon’s experience. Emerging treatment 
options such as “photodynamic therapy” and newer methods for the 
delivery of existing drugs such as contact lens and nano-particle assisted 
drug delivery hold promising options in the current future, for better 
management of recalcitrant and progressive cases. 


13. Method of literature search 


A literature search was performed using PubMed Medline, the 
Cochrane Library Database, EMBASE and Scopus (from 1960 onwards), 
using the following terms: Mycotic Keratitis, Anti fungals, Fungal 
Keratitis, Fungal Corneal Ulcer, Topical Antifungals, Oral antifungals, 
systemic antifungals, intrastromal antifungals, intracameral antifungals, 
nanoparticles in ophthalmology, nanoparticles, Natamycin, Vor- 
iconazole, Amphotericin B, Itraconazole, Miconazole, Fluconazole, 
Flucytosine, Caspofungin, Micafungin and contact lenses in keratitis. All 
relevant articles were included in this review. Priority was given to 
prospective studies and randomized clinical trials. However, retrospec- 
tive studies and case reports were included if important. Reference lists 
from the selected articles were further checked to obtain further relevant 
articles not included in the electronic database. 
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